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1% of the total body amount of magnesium, which is about an order of magnitude lower than in other tissues (Shils 1999) .
It is therefore of great importance to detect magnesium deficiency in the organism (Feillet-Coudray et al. 2003; Gong et al. 2003; Hoane et al. 2003; Lajer et al. 2003; Rude et al. 2003) . Some authors recommend the use of magnesium concentrations in serum for assessment of deficiency, but others argue that the loading test will provide more exact results, because in the presence of normal serum values intracellular magnesium may be deficient (Stalnikowitz 2003) .
The aim of this study was to assess magnesium concentrations in serum, to compare them with magnesium levels present in selected tissues (erythrocytes, myocardium, skeletal muscle, uterus, lung, spleen, intestine, liver, kidney and bone) and to determine whether there is a relationship between the serum and tissue values in the Wistar rat. The results will be important for clinical evaluation of various human diseases.
Materials and Methods
Thirty-nine Wistar-strain laboratory rats were used in the experiments. They were allocated to three groups; two (females, males I) contained animals of the same age (10 -12 weeks), and males II group included older rats (22 -24 weeks). The animals were kept in standard laboratory conditions with ad libitum access to water and feed (M1, M3, firm Ing. Máchal, Czech Republic) - Tables 2 and 3. After blood had been drawn for analysis by cardiac puncture, each animal was sacrificed by decapitation under ether anesthesia and samples of the following tissues were collected: myocardium, lung, small intestine, kidney, spleen, liver, skeletal (rectus abdominis) muscle, bone (femur) and uterus in female animals. The samples were weighed and stored at -18 °C. The blood was processed by a routine method and its hematocrit value was recorded. In addition to the assessment of sodium, potassium, magnesium and calcium in serum, magnesium values in full hemolysed blood were obtained and the magnesium concentration in erythrocytes was calculated as follows: eryMg 2+ -magnesium concentration in erythrocytes (mmol/L) hemMg 2+ -magnesium concentration in full hemolysed blood (mmol/L) sMg 2+ -magnesium concentration in serum (mmol/L) Ht -hematocrit The assessment of minerals (sodium, potassium, calcium and magnesium) was performed after mineralization of each sample by flame atomic absorption spectrophotometry in an H 1550 spectrophotometer (Hilger, Great Britain). The mineralization was carried out in a closed system, using the MLS-1200 microwave digestion technique (Milestobe, Italy). The concentrations obtained were related to wet tissue mass.
The results were statistically evaluated using the Mann-Whitney test. For each mineral, correlations between serum and tissue concentrations were calculated on the basis of the correlation coefficient.
This study was approved by the Ethics Committee of the Faculty of Medicine, Masaryk University in Brno.
Results
The values of sodium, potassium, calcium and magnesium concentrations in serum and tissue samples of the female rats (n = 18; 269 ± 33 g) are presented in Table 4 . The calculated correlation coefficients were compared with critical values (α) for n = 18 (Table 5) . The values of sodium, potassium, calcium and magnesium concentrations in serum and tissue samples of the two male groups (males I, n = 10, 413 ± 30 g; males II, n = 11, 633 ± 78) and the relevant correlation coefficients compared with critical values (α) are presented in Tables 6, 7 , 8 and 9. The results of statistical evaluation (Mann-Whitney test), with levels of statistical significance p, are presented in Tables 10, 11, 12 and 13.
In addition to the importance of correlations between the serum and tissue concentrations, correlations amongst individual cations in tissues also play an important role. A good example is the myocardium, in which the relation between magnesium and calcium concentrations showed a marked difference between male and female animals.
The negative correlation in the male rats contrasted with the positive correlation in the female rats (Fig. 1) .
Discussion
The concentration of magnesium in serum had a similar value in all three groups of rats, whereas its concentrations varied in the tissues tested as well as amongst the animal groups. This supports our view that the value of magnesium concentration in serum cannot be taken as an indicator of the presence of intracellular magnesium, i.e., of its reserves in tissues (Holtmeier 1995; Morii et al. 2002) . Similar findings were made for the other cations studied. The role of magnesium in the development of cardiovascular disease is a current topic of discussion. In relation to this, our results of the correlation between magnesium and calcium in the myocardium, which differed in males and females, suggest a new line of investigation. While in the female rats the correlation between these two cations was clearly negative, in the male rats of both age categories it was not so explicit. This suggests that the male myocardium may operate under factors different from those influencing the female myocardium. Varying concentrations of magnesium in the matrix of cardiac myocytes affect, for instance, metalloproteinase-2 involved in some cardiac diseases (Y u e et al. 2004 ). These facts may play an important role not only in relation to disease prognosis (but also in a different reaction to ion substitution, including that of magnesium). In connection with cardiac diseases it is often reported that a decrease in potassium is accompanied by that of magnesium; the low levels of intracellular magnesium and potassium may induce an increased calcium and sodium input in the cell, which results in significant electrophysiological and mechanical changes (Picard et al. 2002; Touyz 2003) . These may be associated with acute coronary syndrome and a frequent occurrence of arrhythmias (Maciejewskij et al. 2003) . Some authors relate administration of magnesium to a reduced frequency of cardiovascular disease (Abbot 2003; Vaskonen 2003) . Others show better clinical outcomes in patients who, during coronary artery reconstruction, received magnesium for improvement of reperfusion in the myocardium (Nakashima et al. 2004) . These results are colaborated by the LIMIT-2 study, in which improvement was found within 28 days as well as after 2 to 7 years (Woods and Fletcher 1992; 1994) .
Our results show that serum levels of magnesium have no relation to magnesium concentrations in the myocardium. The term normomagnesemia should refer only to physiological serum levels and not to an overall magnesium status indicating no deficit of this ion. Different concentrations of the other cations in the tissues investigated and the fact that, in each animal group, an increased level of magnesium was associated with different levels of the other cations in the studied tissues are findings of great clinical importance. They may explain inconsistencies and controversies in the interpretation of the effects of magnesium substitution in prevention or therapy of various diseases.
In this study the concentrations of magnesium, potassium, calcium and sodium in selected tissues of adult Wistar rats were evaluated and compared with those found in serum. The serum levels of magnesium did not correspond to those found in the tissues studied and, in many instances, this was also true for the other cations investigated. This shows that interrelationships of tissue ion concentrations are very complex and that the importance of this issue warrants further study.
Sérové a tkáÀové koncentrace hofiãíku, vápníku, draslíku a sodíku u potkanÛ
Cílem pfiedkládané práce byla anal˘za aktuální koncentrace hofiãíku v séru a v jednotliv˘ch tkáních (erytrocyt, srdce, kosterní sval -pfiím˘ bfii‰ní, kost -femur, plíce, slezina, stfievo, játra, ledviny a samic dûloha) a zhodnocení vztahÛ mezi sérovou koncentrací a tkáÀovou koncentrací u potkana kmene Wistar u kationtÛ hofiãíku, vápníku, sodíku a draslíku.
Laboratorní v˘sledky byly získány u dospûlého laboratorního potkana kmene Wistar (n = 39). Zvífiata byla rozdûlena do tfií skupin -na skupinu samic (F; n = 18, hmotnost 269 ± 33 g), samcÛ I. (M I; n = 10, 413 ± 30 g) a samcÛ II (M II; n = 11, 633 ± 78 g). Skupina samic a samcÛ I. byla stejného stáfií (10 -12 t˘dnÛ), skupina samci II. byla star‰í (22 -24 t˘dnÛ). Krev byla zvífiatÛm odebrána punkcí z intrakadriálního pfiístupu v éterové anestezii. Po usmrcení v éterové anestezii byly získány vzorky studovan˘ch tkání na anal˘zu hofiãíku, vápníku, draslíku a sodíku. Metodou plamenové atomové absorpãní spektrofotometrie, byla stanovena koncentrace iontÛ v séru a po mineralizaci jednotliv˘ch vzorkÛ i v ostatních studovan˘ch tkáních. Stanovené koncentrace kationtÛ byly vztaÏeny k vlhké hmotnosti tkánû. V˘sledky byly hodnoceny Mann-Whitneov˘m testem. 
